Over the last several years we have predicted and observed plasmas with an index of refraction greater than one in the soft X-ray regime. These plasmas are usually a few times ionized and have ranged from low-Z carbon plasmas to mid-Z tin plasmas. Our main computational tool has been the average atom code AVATOMKG that enables us to calculate the index of refraction for any plasma at any wavelength.
Introduction
Since the earliest days of lasers, optical interferometers have been used to measure the electron density of plasmas [1] using the assumption that the index of refraction of the plasma is due only to the free electrons and is therefore less than one [1] [2] . With this assumption the electron density of the plasma is directly proportional to the number of fringe shifts in the interferometer. Over the last decade many interferometers [3] [4] [5] [6] [7] [8] have been built in the soft X-ray wavelength range of 14 to 72 nm (89 to 17 eV). The experiments done with these sources all assume that only the free electrons contribute to the index of refraction. In the next few years, interferometers will be built using the X-ray free electron lasers, which will extend lasers to even shorter wavelengths [9] .
In the last several years interferometer experiments [4-6] of Al plasmas, Ag and Sn plasmas [10] , and C plasmas [11] [12] observed fringe lines bend in the opposite direction than was expected, indicating that the index of refraction was greater than one. Analysis of the experiments showed that the anomalous dispersion from the resonance lines and absorption edges of the bound electrons have a larger contribution to the index of refraction with the opposite sign as the free electrons [12] [13] [14] [15] . Since the original analysis [13] of the experiments with Al plasmas we have developed a new tool AVATOMKG [16] that enables us to calculate the index of refraction for any plasma at any wavelength. This tool is a modified version of the INFERNO average atom code [17] that has been used for many years to calculate the absorption coefficients for plasmas.
In this work we search for other materials that can be used to create plasmas with index of refraction greater than one at X-ray laser energies. We discuss how neutral Na vapor and singly-ionized Ne plasma look to be promising candidates to use in interferometer experiments based on the Ne-like Ar X-ray laser [18] at 26.44 eV or 47 nm. We also discuss higher Z plasmas such as Ce and Yb plasmas, which look very interesting near 47 nm. With the advent of the FLASH X-ray free electron laser in Germany and the LCLS X-FEL coming online at Stanford soon we look at the K shell lines of near solid carbon plasmas and predict strong effects.
Analysis of Interferometer Experiments
When the electron density is much less than the critical density, as is typical for laser produced plasmas, the traditional formula for the index of refraction of a plasma due only to free electrons is approximated as n = 1 -(N elec / 2N crit ) where N elec is the electron density of the plasma and N crit is the plasma critical density. For a uniform plasma of length L the number of fringe shifts observed in an interferometer equals (1 -n) L / λ or (N elec L) / (2 λ N crit ). For a non-uniform plasma one does a path length integral. The fringe shifts are referenced against a set of reference fringes in the absence of any plasma and the formula assumes that the interferometer is in a vacuum. When analyzing an experiment one counts how far the fringes have shifted compared with the reference fringes taken with no plasma and converts this into electron density. For the 46.9 nm Ne-like Ar X-ray laser the number of fringe shifts in the
